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The aim of the study was to determine possible DNA damage in ﬂoriculturists chronically exposed to pesticides. Leukocytes
from 52 workers, 46 environmentally exposed, and 38 control individuals were evaluated with the comet assay. Serum from all
individuals was also analyzed for pesticides using gas chromatography coupled to mass spectrometry. A statistically signiﬁcant
diﬀerence in DNA fragmentation in the pesticide exposed group compared to the other two groups (P <. 001) was found. No
diﬀerences between environmentally exposed and control individuals were detected. The statistical analysis showed no signiﬁcant
correlation between DNA damage and sex, age, drinking or smoking habits, as well as years of exposure. One or more pesticides
weredetected in50% oftheﬂoriculturists,while intherestoftheindividuals,achemical relatedwiththepreparationofpesticides,
such as additives, plasticizers, or solvents, was found. Our study shows that chronic exposure to pesticides produces DNA damage
in ﬂoriculturists. It also suggests that this type of monitoring could be valuable in recommending preventive measures.
Copyright © 2006 J. Castillo-Cadena et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
INTRODUCTION
Man is exposed to a great deal of environmental harm
that may aﬀect the functioning of speciﬁc biomolecules
and thereby damage health at various levels. On the other
hand, DNA alterations are known to be indicators of early
damage in the aﬀected organisms; consequently, identifying
the genotoxic potential of xenobiotics has been an eﬀective
and beneﬁcial strategy for risk assessment [1]. However, the
adoption of preventive measures is probably more diﬃcult
regarding chemicals such as pesticides which are strongly re-
lated with a number of human activities as agriculture, aqua-
culture, or several household tasks. Likewise, the diversity of
commercial products makes it easy to exchange one for an-
other or to mix them so as to increase their eﬃcacy.
Most experimental studies on the genotoxic potential
of pesticides have been made with a single compound. Al-
though the results have varied, more positive data have been
published regarding chemicals that have been evaluated with
avarietyoftestmodelsrangingfrombacteriatohumancells,
using genic and cytogenetic endpoints [2, 3]. Controversial
data on a single compound make it more diﬃcult to reach
a conclusion on the genotoxicity of the pesticide; for exam-
ple, Debuyst and Van Larekebe [4] reported an increase in
the rate of sister chromatid exchanges (SCEs) induced by
methomyl in human leukocytes while Bonatti et al [5]f o u n d
the opposite result with the same compound.
Studies made in human populations exposed to pesti-
cides have also revealed conﬂicting results. In the case of
ﬂoriculturists in particular, approximately 12 studies have
beenreported,mostofwhichpresentedpositiveresultswhen
the rate of chromosomal aberrations, SCE or micronuclei
was evaluated [6, 7], while two studies showed negative data
[6, 8]. As regards the use of the single cell electrophoresis
(comet assay), a study made on Greek farmers working with
ornamental plants as well as vegetables indicated no statisti-
cally signiﬁcant diﬀerences in the DNA damage between the
examined groups [9].
Thepreviousdatasuggestthatintrinsic andextrinsic fac-
tors could be involved in the eﬀect of pesticides on the ge-
netic material, and thus support the relevance of monitor-
ing speciﬁc populations to determine the potential geno-
toxic damage produced by these chemicals. The aim of this
investigation was, therefore, to determine whether Mexican2 Journal of Biomedicine and Biotechnology
ﬂoriculturists exposed to mixtures of pesticides for several
years showed alterations in their DNA integrity, measuring
this with the comet assay. This method mainly reveals sin-
gle or double DNA strand breaks and alkali-labile sites, and
has been successfully used in populations exposed to various
xenobiotics [10]. We considered that results obtained with
this assay could be helpful in providing advice concerning
the application of preventive measures. An additional step
was the analytical determination of a number of pesticides
in the serum of the studied populations.
MATERIALS AND METHODS
Characteristicsofthestudiedpopulation
T h es t u d yw a sm a d eo nr e s i d e n t so fS a n t aM a r i aA r a n s a z´ u,
a village of 3000 people located 100km south of Mexico city,
where more than 50% of the population works in ﬂoricul-
ture activities. Their production includes at least 13 diﬀerent
kinds of ﬂowers, such as roses, chrysanthemums, carnations,
gladioluses, nards, daisies, and lilies.
A questionnaire was applied to the participants in the
study to determine personal data and habits, as well as their
health and work status. A hematological test was also ap-
plied to the participants to verify that they were clinically
healthy and that they had taken no medication for at least
two months before the time of sampling. An informed con-
sent was also obtained from each participant, as well as the
approvaloftheBoardoftheMedico-BiologicalProgram,Na-
tional Polytechnic Institute, and of the Board of Research,
UniversityoftheStateofMexico.Theinvestigationwasmade
on52ﬂoriculturists(mostofthemmales)withameanageof
27 years, who had been working for at least two years (range
from 2 to 48 years) preparing the mixtures of pesticides
and spraying them in the greenhouses, two or three times
a week. The pertinent data of the groups studied are indi-
cated in Table 1. The ﬂoriculturists were exposed to mixtures
of chemicals which belong to organochlorates, organophos-
phates, piretroides, and carbamates. The protective devices
and clothing used by the workers included gloves, masks,
boots, and overalls: 3.8% of the individuals wore all four
pieces, 9.6% wore three of them, 19.2% wore two, and 25%
wore only one of them, usually gloves or boots. Another
group of 46 individuals who had been environmentally ex-
posed was included in the study. This second group was con-
stituted by vendors of the local market who live in the village
but did not handle pesticides. Finally, the control population
consistedof38personsthatwerestudentsandadministrative
employees of a nearby university.
CHEMICALS AND BLOOD SAMPLING
ThefollowingchemicalswerepurchasedfromSigmaChemi-
cals (St Louis, Mo, USA): dimethyl sulfoxide (DMSO), triton
X-100, EDTA, normal melting point agarose (NMPA), low
melting point agarose (LMPA), ethidium bromide, trizma
base, and PBS. Methanol and ethyl acetate (HPLC grade)
wereobtainedfromHoneywellInternationalInc(Muskegon,
Mich, USA).
Blood samples (6mL) were taken from each of ﬁve indi-
viduals from each group, every Tuesday morning (7–8 AM).
One mL was placed in a coated heparinized tube and trans-
ported on ice to the laboratory to be processed with the
comet assay within 1h. The serum of the other 5mL was im-
mediately frozen at −70◦C until time for the pesticide to be
identiﬁed (within a month). For the data analysis, the slides
and serum samples were codiﬁed; decodiﬁcation was done
afterthegenotoxicandchromatographicdeterminationshad
been made by one investigator and reviewed by another.
Cometassay
The alkaline comet procedure was performed as previously
described [11, 12]. Brieﬂy, fully frosted slides were layered
with NMPA and dried; then, 100µLo fL M P Aw e r em i x e d
with50µL of whole blood and applied as a second layer onto
the precoated slides; ﬁnally, a third layer of LMPA was added
on top. The slides were placed in freshly prepared lysing so-
lution for 24h at 4◦C to leave the DNA uncovered. The so-
lution consisted of NaCL 2.5M, EDTA 100mM, trizma base
10mM (pH 10), 1% triton X-100, and 10% DMSO. Next,
the slides were immersed in alkaline buﬀer (NaOH 300mM
and EDTA 1mM, pH > 13) for 30min, to allow the unwind-
ing of DNA. Electrophoresis was conducted for 20min at
25V (0.66V/cm) and 30mA at the same pH. The slides were
then placed in neutralizing buﬀer (pH 7.5) three times each
for 5min, and dried at room temperature. Finally, the slides
were stained with 50µL of ethidium bromide for 1min. The
stained nucleoids were examined at 40X in an epiﬂuorescent
microscope (Axiophot-1 Zeiss) with a digital camera (ZWS-
47DE), adapted to software for the capture, processing, and
image analysis (Zeiss KS400 version 3.01). One hundred nu-
cleoidsperindividualwereobservedtodeterminethelength-
to-width index (T/N index), which was obtained by measur-
ing the image length and dividing the result by the head di-
ameter.WealsodeterminedthepercentageofcellswithDNA
migration verses the percentage of those without migration
in 100 cells per individual. The latter type corresponded to
cells with intact nuclei and no DNA displacement.
TheKruskall-WallisandDunntestswereusedtoevaluate
the statistical signiﬁcance of the diﬀerence in the medians of
the T/N index obtained for the exposed and control groups,
aswellasofthediﬀerenceinthepercentageofcellswithDNA
migration among the three groups. A linear regression anal-
ysis was also made to determine the correlation between the
T/N values and the percentage of cells with DNA migration.
Moreover, we determined the intercelular dispersion of the
comet values in the groups studied by calculating the disper-
sion coeﬃcient (H) [13].
Also, the correlation between the comet data, and the age
and work years was evaluated by applying a Pearson’s corre-
lation test. Diﬀerences were considered signiﬁcant when the
P value was .05 or less (two-tailed). The statistical analyses
were carried out using the Sigma Stat 2.03 statistical package.
On the other hand, we utilized a general linear model
procedure with a normal distribution using a SAS 9.1 statis-
tical software package to determine the relationship of per-
sonal variables, such as sex, smoking, and drinking, on theJ. Castillo-Cadena et al 3
Table 1: Individual characteristics of the study groups.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Age (years) Exposure time
(years)
Sex
(M = male
F = female)
Drinking habits
(1 = drinker
0 = nondrinker)
Smoking habits
(1 = smoker
0 = nonsmoker)
10 4 2 0 M 1 1
20 3 7 0 F 0 1
30 4 6 0 F 0 0
40 5 0 0 F 0 0
50 2 3 0 F 0 0
60 2 2 0 F 0 0
70 2 4 0 M 0 0
80 2 3 0 M 0 0
90 2 3 0 F 0 0
10 0 21 0 M 1 1
11 0 22 0 M 0 0
12 0 19 0 M 0 0
13 0 39 0 M 0 0
14 0 23 0 M 0 0
15 0 19 0 F 0 0
16 0 37 0 F 0 0
17 0 48 0 F 0 0
18 0 18 0 M 1 1
19 0 21 0 M 0 1
20 0 39 0 F 0 0
21 0 25 0 M 0 0
22 0 36 0 M 1 1
23 0 31 0 M 0 1
24 0 29 0 F 0 0
25 0 30 0 F 1 1
26 0 24 0 M 1 0
27 0 42 0 F 0 0
28 0 24 0 M 0 1
29 0 32 0 M 1 0
30 0 47 0 F 0 1
31 0 32 0 M 0 0
32 0 40 0 F 1 1
33 0 20 0 M 0 0
34 0 20 0 M 0 0
35 0 20 0 M 1 0
36 0 21 0 M 0 0
37 0 21 0 M 1 1
38 0 21 0 F 1 0
39 1 36 0 M 0 0
40 1 19 0 F 1 1
41 1 41 0 M 0 1
42 1 67 0 F 0 0
43 1 53 0 F 0 0
44 1 62 0 M 0 0
45 1 21 0 F 1 0
46 1 32 0 F 0 0
47 1 41 0 F 0 0
48 1 63 0 F 0 0
49 1 67 0 F 1 0
50 1 33 0 M 1 04 Journal of Biomedicine and Biotechnology
Table 1: Continued.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Age (years) Exposure time
(years)
Sex
(M = male
F = female)
Drinking habits
(1 = drinker
0 = nondrinker)
Smoking habits
(1 = smoker
0 = nonsmoker)
51 1 52 0 F 0 0
52 1 64 0 F 1 0
53 1 35 0 F 1 0
54 1 31 0 F 1 0
55 1 58 0 F 1 0
56 1 64 0 F 1 0
57 1 55 0 F 0 0
58 1 24 0 F 1 0
59 1 68 0 M 0 0
60 1 24 0 F 0 0
61 1 65 0 F 1 0
62 1 51 0 F 1 0
63 1 28 0 F 1 0
64 1 27 0 F 1 0
65 1 54 0 F 0 0
66 1 42 0 F 0 0
67 1 44 0 F 0 0
68 1 54 0 F 1 0
69 1 41 0 F 0 0
70 1 27 0 M 1 0
71 1 54 0 F 1 0
72 1 38 0 M 1 0
73 1 24 0 F 1 0
74 1 18 0 F 1 0
75 1 29 0 F 1 0
76 1 114 0 F 1 0
77 1 53 0 F 1 0
78 1 21 0 F 0 0
79 1 54 0 F 0 0
80 1 40 0 M 1 0
81 1 62 0 F 0 0
82 1 45 0 F 1 0
83 1 36 0 F 1 0
84 1 21 0 F 0 0
85 2 35 20 M 1 1
86 2 31 13 M 0 0
87 2 38 11 M 1 1
88 2 37 25 M 1 1
89 2 33 18 M 0 1
90 2 24 12 F 1 0
91 2 18 2 F 1 0
92 2 22 5 F 0 0
93 2 37 5 F 1 0
94 2 24 2 M 1 0
95 2 22 2 M 1 0
96 2 21 4 F 1 0
97 2 33 13 M 1 1
98 2 35 20 M 1 0
99 2 41 10 F 1 0
100 2 32 20 M 1 0J. Castillo-Cadena et al 5
Table 1: Continued.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Age (years) Exposure time
(years)
Sex
(M = male
F = female)
Drinking habits
(1 = drinker
0 = nondrinker)
Smoking habits
(1 = smoker
0 = nonsmoker)
101 2 30 15 M 1 1
102 2 25 15 M 1 1
103 2 18 2 F 0 0
104 2 45 30 M 1 1
105 2 66 30 M 1 1
106 2 16 2 M 1 1
107 2 36 62 M 1 0
108 2 25 15 M 1 1
109 2 45 32 M 1 0
110 2 60 48 M 1 0
111 2 24 14 M 1 0
112 2 14 3 F 0 0
113 2 14 3 F 0 0
114 2 12 2 M 1 0
115 2 37 12 M 1 0
116 2 29 13 F 1 0
117 2 14 3 F 0 0
118 2 20 12 M 1 1
119 2 38 18 M 1 1
120 2 42 35 M 0 0
121 2 20 5 M 1 1
122 2 18 3 M 0 1
123 2 16 4 M 1 1
124 2 16 2 M 0 0
125 2 25 11 M 1 1
126 2 21 13 M 1 1
127 2 30 20 M 0 1
128 2 51 20 M 1 1
129 2 18 11 M 1 1
130 2 19 4 F 0 1
131 2 24 10 F 1 0
132 2 44 26 F 0 0
133 2 15 2 F 0 0
134 2 47 37 M 1 0
135 2 19 4 M 1 0
136 2 39 25 M 1 0
DNA damage (logarithmically transformed) induced by the
exposure to pesticides (Bonassi et al) [14].
Chromatographicassay
For the chromatographic assay, we selected seven pesticides
used by the workers, to determine the presence of these
chemicals or of their residues: methomyl, methamidophos,
monocrotophos, carbofuram, maneb, lindane, and methyl
paration. The eﬀectiveness of the procedure to extract and
identify the chemicals in serum was initially determined for
each pesticide separately, and then, the process was estab-
lished for the mixture. For the assay, we followed the method
of Lacassie et al [15]. Brieﬂy, 2ml of the serum samples
were placed on an Oasis hydrophilic-lipophilic balanced
copolimer cartridge (Waters, Guyacourt, France) previously
treated with methanol and deionized water. The samples
were washed with deionized water at vacuum, centrifuged at
4000rpm for 3min, eluted with 3mL of ethyl acetate, and
evaporated in a nitrogen atmosphere at 40◦C. The residue
was diluted with 100µL of ethyl acetate, and 1µL of this so-
lution was injected to a gas chromatograph (Varian 3400)
coupled to a mass spectrometer (Saturno II). The chromato-
graph was equipped with a Restek RTX-5MS column (inter-
nal diameter 30m × 0.25mm; phase, 0.1µm) (Supelco, St
Quentin-Fallavier, France). The apparatus was programmed
for an initial temperature of 60◦C, rising to 300◦C at the rate
of 10◦C/min. Helium was used as the carrier gas with a ﬂow6 Journal of Biomedicine and Biotechnology
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Figure 1: Box plot of the T/N index values obtained in the lympho-
cytes of the studied groups. Each box encloses 50% of the data with
themedianvalueofthevariabledisplayedasaline.Theheightofthe
box is the interquartile range (IQR) of the variable population. The
lines from the top and the bottom of each box mark the ±1.5I Q R
value. The outliers are displayed as individual points. ∗Statistically
signiﬁcant diﬀerence with respect to control and vendors groups.
Kruskal Wallis test (P <. 001).
rateof1mL/min.Themassspectrometerwasadjustedto40–
500m/z interval of reading, with a 4min of inhibited detec-
tion, using an electronic impact (70eV). A chromatogram
was obtained from each sample, and each compound was
identiﬁed by means of the NIST 98 electronic library of the
equipment, which keeps 62000 mass spectra.
RESULTS
Figure 1 shows a box-plot representation of the T/N index
in leukocytes of the controls and exposed individuals. The
height of the box represents the interquartile range, that is,
the range of values that excludes 25% of the uppermost and
lowest values of the distribution. A T/N median value of 1.29
wasobservedinthecontrolindividualsandoneof1.40inthe
environmentally exposed group, showing no statistical dif-
ference between the two groups. However, the pesticide ex-
posed workers, with a median T/N index of 1.67, had statis-
tically signiﬁcant DNA damage in comparison with the level
found in the other two groups (H = 20.81, P <. 001). The
DNA damage determined in the ﬂoriculturists was 16.11%
higherthanthatfoundinthevendors,and22.9%higherwith
respect to the control group. Moreover, our results showed
that the ﬂoriculturists had values of the T/N index 76%
higher than 1.5, while the vendors and the control individ-
uals had values 21% and 24% higher, respectively. A detailed
description of individual data is shown in Table 2.I ti sp e r t i -
nent to note that the determined DNA damage may indicate
the eﬀect mainly on lymphocytes, which are long-lived cells
withhighsensitivitytochemicalagents,andmayaccumulate
DNA damage and mutations over time [16, 17], to a lesser
extent such damage may suggest an eﬀect on granulocytes,
which are short-lived cells that possess antioxidant enzymes
[17].
The results obtained with respect to the percentage of
damaged cells agree with the previous determination: we
found a signiﬁcant diﬀerence between the value detected in
the ﬂoriculturists and that obtained in the other two groups
(H = 23.70, P <. 001). Moreover, both types of evaluations
were congruent showing a correlation coeﬃcient (r) of 0.96,
0.93, and 0.91 in the control group, the vendors, and the
ﬂoriculturists, respectively (Figure 2). The results obtained
for the dispersion coeﬃcient were 0.174, 0.062, and 0.184,
for the control individuals, vendors, and ﬂoriculturists. The
analysis with the Mann-Whitney test showed a statistical dif-
ference in the group of vendors with respect to the other
two groups. This means there was heterogeneous intercel-
lular dispersion in the control and in the workers, as well
as lower dispersion in the vendors. Figure 2 also shows that
comet values for the vendors are somewhat less dispersed
than those observed for the other groups. With respect to the
comet data, we found that the control group had a low num-
ber of cells with intercellular dispersion and a low number of
cells with slight DNA displacement. However, in the ﬂoricul-
turists the number of cells with intercellular dispersion was
high, and with respect to the control group, the number of
cells with DNA displacement was higher and the DNA dis-
placement was greater.
The eﬀect of variables, such as sex and age, as well as
smoking and drinking habits and the exposure years, was
evaluated in the three groups with respect to the comet val-
ues. Except forthe smoking and drinking practicein the ven-
dors, we found no relationship of the variables in any of the
groups, as the results in Table 3 show. The data on drink-
ing in the vendors could reveal an inﬂuence in the increase
of DNA damage found with respect to the level observed
in the control group, the information on smoking may be
irrelevant because of the small number of smokers in the
vendors group. However, this conclusion should be consid-
ered carefully in light of the heterogeneous matching of the
demographic characteristics in the studied individuals. With
respect to the use of protective devices and clothing, no cor-
relation was detected with the comet values.
Inthechromatographicdetermination,wefoundnopes-
ticides or related chemicals in either the vendors or the
control groups. However, chromatograms of 50% of the
ﬂoriculturists indicated the presence of one or more pesti-
cides, or their residues. Table 4 shows that most of the com-
pounds identiﬁed were insecticides and fungicides. More-
over, in these same individuals as well as in the other 50%
of this group, we found the presence of dimethyl phthalate,
bis (2-ethylhexil) phthalate, and dibutyl phthalate, chemi-
cals that are used in the composition of pesticides. Besides
these, we also determined xylene, cyclohexanone, and acetic
acid, 2-ethylhexilester, which are additives used in pesticide
formulation [18]. Other pesticides reported by the workers
were chemicals such as benomyl and methomyl, however,
these were not detected in our analysis. Our ﬁndings related
with the presence in individuals of various chemicals used
in the formulation of pesticides suggest that the undetectedJ. Castillo-Cadena et al 7
Table 2: Comet data, cells with DNA migration, and dispersion coeﬃcient values (H) of the study groups.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Length
(µm)
Width
(µm)
T/N
index
Cells with
migration
(%)
H
1 0 35.16 22.79 1.54 4 0.175
2 0 30.76 27.79 1.21 0 0.174
3 0 44.72 23.45 1.91 44 0.172
4 0 47.78 25.15 1.9 32 0.172
5 0 30.73 25.27 1.21 0 0.165
6 0 32.77 25.76 1.27 0 0.178
7 0 34.74 25.79 1.34 2 0.173
8 0 32.19 25.84 1.24 0 0.158
9 0 27.76 21.31 1.3 0 0.168
10 0 31.2 24.26 1.28 0 0.181
11 0 32.19 23.76 1.35 0 0.171
12 0 28.72 22.33 1.28 0 0.178
13 0 42.11 24.44 1.72 16 0.159
14 0 32.79 23.78 1.38 4 0.168
15 0 30.34 24.3 1.24 2 0.188
16 0 31.19 27.23 1.14 4 0.185
17 0 43.57 24.26 1.79 34 0.194
18 0 52.77 23.25 2.27 56 0.173
19 0 38.59 22.31 1.73 26 0.176
20 0 29.27 23.29 1.25 4 0.172
21 0 30.2 25.79 1.17 0 0.180
22 0 30.4 20.39 1.49 8 0.183
23 0 31.7 21.31 1.48 8 0.193
24 0 35.59 22.47 1.58 10 0.164
25 0 93.8 23.87 3.93 98 0.175
26 0 30.4 23.78 1.27 2 0.173
27 0 31.19 27.23 1.14 0 0.167
28 0 26.77 22.28 1.2 0 0.165
29 0 30.71 25.76 1.19 0 0.176
30 0 35.67 24.38 1.46 10 0.182
31 0 51.33 20.7 2.48 66 0.192
32 0 30.4 20.39 1.49 8 0.170
33 0 31.75 25.74 1.23 0 0.169
34 0 32.77 25.76 1.27 0 0.176
35 0 31.20 24.76 1.26 0 0.175
36 0 31.69 26.81 1.18 0 0.174
37 0 30.76 25.27 1.21 0 0.172
38 0 32.18 24.75 1.3 0 0.171
39 1 38.62 25.29 1.52 14 0.068
40 1 47.02 25.29 1.85 36 0.064
41 1 65.50 29.29 2.59 82 0.054
42 1 29.77 22.37 1.33 4 0.058
43 1 27.76 23.29 1.19 0 0.057
44 1 30.2 28.86 1.44 10 0.061
45 1 33.17 23.27 1.45 14 0.063
46 1 31.32 22.28 1.4 2 0.065
47 1 42.36 23.28 1.82 32 0.055
48 1 35.2 19.81 1.77 24 0.056
49 1 30.68 27.79 1.21 0 0.067
50 1 27.25 22.37 1.2 0 0.0548 Journal of Biomedicine and Biotechnology
Table 2: Continued.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Length
(µm)
Width
(µm)
T/N
index
Cells with
migration
(%)
H
51 1 44.15 23.28 2.23 64 0.062
52 1 32.18 22.79 1.41 4 0.049
53 1 41.61 23.84 1.74 22 0.057
54 1 29.27 22.35 1.33 0 0.071
55 1 42.08 24.28 1.73 22 0.062
56 1 31.32 22.28 1.4 8 0.067
57 1 26.74 25.82 1.04 0 0.056
58 1 32.19 23.84 1.35 2 0.059
59 1 27.76 21.19 1.3 2 0.068
60 1 29.21 21.28 1.2 0 0.065
61 1 24.92 20.77 1.2 0 0.066
62 1 34.16 27.72 1.23 6 0.059
63 1 30.23 26.73 1.13 0 0.063
64 1 28.47 25.23 1.13 0 0.061
65 1 35.67 24.38 1.46 6 0.066
66 1 34.74 24.75 1.4 12 0.068
67 1 35.45 22.23 1.59 14 0.069
68 1 33.17 26.74 1.24 2 0.058
69 1 42.11 27.3 1.54 14 0.053
70 1 22.23 19.33 1.5 8 0.057
71 1 35.15 24.77 1.41 4 0.062
72 1 32.18 24.26 1.32 2 0.061
73 1 36.69 25.74 1.42 4 0.064
74 1 31.2 24.26 1.28 0 0.063
75 1 32.69 23.27 1.4 12 0.061
76 1 32.18 23.95 1.35 0 0.065
77 1 30.04 19.21 1.72 18 0.064
78 1 34.85 19.15 1.82 24 0.071
79 1 38.64 19.31 2 32 0.068
80 1 30.75 20.10 1.53 6 0.065
81 1 38.12 21.29 1.79 12 0.067
82 1 34.65 23.27 1.48 4 0.059
83 1 33.17 27.72 1.19 0 0.065
84 1 31.69 36.81 1.18 0 0.067
85 2 43.02 25.37 1.68 18 0.189
86 2 36.15 23.77 1.52 12 0.181
87 2 23.13 17.93 1.3 4 0.179
88 2 73.67 28.12 2.62 60 0.178
89 2 50.71 25.23 2.01 38 0.185
90 2 65.02 24.28 2.68 80 0.191
91 2 27.76 21.29 2.11 44 0.178
92 2 45.43 24.77 1.3 4 0.195
93 2 45.45 24.77 1.82 40 0.183
94 2 30.4 20.39 1.49 6 0.193
95 2 39.19 27.74 1.41 2 0.176
96 2 50.02 23.31 2.13 46 0.186
97 2 33.17 26.74 1.24 2 0.175
98 2 22.28 20.39 1.07 4 0.187
99 2 29.27 25.75 1.13 2 0.192
100 2 35.77 22.78 1.57 12 0.176J. Castillo-Cadena et al 9
Table 2: Continued.
Subject
Studied groups
(0 = control
1 = vendors
2 = ﬂoriculturists)
Length
(µm)
Width
(µm)
T/N
index
Cells with
migration
(%)
H
101 2 33.18 23.27 1.45 10 0.174
102 2 35.67 22.78 1.56 8 0.188
103 2 38.44 24.18 1.59 18 0.197
104 2 39.12 23.31 1.67 12 0.171
105 2 27.76 21.29 1.3 6 0.176
106 2 26.85 21.29 1.26 4 0.187
107 2 41.09 27.79 1.47 10 0.186
108 2 34.74 24.75 1.4 2 0.185
109 2 30.61 21.56 1.42 6 0.192
110 2 62.90 23.65 2.66 18 0.184
111 2 30.76 25.27 1.21 0 0.176
112 2 50.35 22.58 2.23 26 0.193
113 2 31.7 23.31 1.35 0 0.186
114 2 34.17 24.99 1.36 4 0.178
115 2 30.73 25.25 1.21 2 0.176
116 2 40.01 24.38 1.61 8 0.194
117 2 47.03 24.37 1.93 16 0.181
118 2 46.54 22.28 2.08 62 0.198
119 2 44.45 22.45 1.98 44 0.189
120 2 61.42 22.3 2.75 48 0.196
121 2 65.45 26.35 2.49 62 0.172
122 2 47.78 23.54 2.03 42 0.176
123 2 71.28 24.33 2.93 54 0.183
124 2 48.48 25.12 1.93 24 0.194
125 2 77.25 23.77 3.25 88 0.172
126 2 35.77 22.78 1.57 16 0.179
127 2 82.53 22.55 3.66 88 0.186
128 2 35.64 23.27 1.53 14 0.189
129 2 36.02 22.80 1.58 12 0.182
130 2 49.42 25.61 1.93 36 0.187
131 2 65.35 26.35 2.49 58 0.183
132 2 57.32 21.88 2.62 74 0.189
133 2 43.73 22.66 1.93 38 0.179
134 2 43.57 24.26 1.76 20 0.176
135 2 34.84 20.39 1.71 22 0.191
136 2 64.93 24.41 2.66 74 0.188
pesticides could have been degraded or eliminated at the
sampling time, an assumption in agreement with the known
fact that carbamic and organophosphate compounds un-
dergo rapid biochemical degradation [1].
DISCUSSION
Exposure to pesticides has been related with various types
of cancer, particularly those associated with immunity weak-
ening, such as leukemia, Hodgkin lymphoma, and stom-
ach and prostate malignancies [6, 19]. A number of studies
have shown that these diseases originate mainly from an ac-
cumulation of mutations. On the other hand, it is known
that pesticide exposure may cause DNA and chromosome
damage. For this reason and because pesticides are also used
in various combinations, researchers in diﬀerent countries
havecarriedoutthesearchforgenotoxicalterationsinpopu-
lationsthatproduceorusethistypeofchemicals.Resultsob-
tained in the present study as well as others reported thus far,
regarding the eﬀect produced by mixtures of pesticides, indi-
cate that, in speciﬁc situations, ﬂoriculturists exposed to this
type of chemicals exhibit increased levels of genotoxic dam-
age. Although the biological signiﬁcance of a median diﬀer-
enceof0.27unitsbetweenthevendorsandtheworkersisnot
known, increases in genotoxic damage have been considered
a primary factor in long-term eﬀects, such as inﬂammatory
disorders, carcinogenic alterations and reproductive toxicol-
ogy [6, 20]. However, genetic susceptibility and a number of10 Journal of Biomedicine and Biotechnology
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Figure 2: Correlation analyses of the T/N index and the percentage
of damaged cells in the studied groups (P <. 001).
environmental factors seem to modulate the level of risk, as
reports with negative results suggest even when the comet
assay was used. Concerning pesticide exposure of ﬂower and
vegetable cultivators, the negative result reported by Piper-
akis et al [9], in contrast to ours, could be related with a
shorter exposure time, diﬀerences in cell processing for the
comet assay, and/or better protective measures in their pop-
ulation.
The controversial data on the genotoxic eﬀect induced
by pesticides may reﬂect a number of underlying diﬀerences
among the populations studied, such as the test applied, the
extent of exposure, the compounds involved, as well as the
type and quality of the protective equipment, among oth-
ers. When individuals are exposed to mixtures, it is diﬃ-
cult to predict the ﬁnal genotoxic eﬀect because of the in-
teraction that could occur among the involved agents, po-
tentiating or antagonizing the eﬀect, besides other reasons.
Table 3: Eﬀect of various characteristics of the studied groups with
respect to the comet assay results (P value shown). Smokers: indi-
viduals who smoke at least 5 cigarettes/day. Drinkers: individuals
who consume at least 45g of alcohol/day. Sex, smoking, and drink-
ing were analyzed with the general linear model. Age and exposure
years were evaluated with the Pearson’s correlation test.
Group Sex Smoking Drinking Age Exposure
years
Controls 0.756 0.140 0.421 0.226 —
Vendors 0.414 0.001 0.013 0.948 —
Floriculturists 0.292 0.637 0.108 0.976 0.238
For example, a higher percentage of micronuclei were ob-
served in a subgroup of subjects using benzimidazolic com-
pounds, compared with the micronuclei determined in in-
dividuals exposed to a complex pesticide mixture that did
notincludebenzimidazolics[21].However,itisinterestingto
note that all the pesticides that constitute the mixtures used
by the ﬂoriculturists in our study have given positive results
in genotoxic assays. This has been demonstrated in microor-
ganisms and plants, insects, ﬁshes, mice, and human cells,
which were evaluated by quantifying the rate of numerical
orstructuralchromosomalaberrations,micronuclei,SCE,or
DNA breaking [22–36].
It is known that some personal characteristics and habits,
mainly age, sex, or smoking, may modulate the genotoxic ef-
fect of xenobiotics, nevertheless, in the case of pesticides a
conclusion is not possible as yet, because two types of results
have been observed: absence of eﬀect, or a positive correla-
tion with respect to one or more variables [37, 38]. In the
ﬂoriculturists of the present study, we found no correlation
ofseveralextrinsicvariableswithrespecttothecometresults,
suggesting that the observed DNA alterations were mainly
duetotheeﬀectofthepesticides.However,apertinentobser-
vation is the low proportion of workers wearing appropriate
protective devices and clothing.
Withrespecttothechemicalsused,itisimportanttonote
that some of these have been banned in various countries
because of their high toxicity. This is the case, for example,
of monocrothophos and metamidophos [39, 40], whereas in
developing countries such a prohibition process is limited
because of administrative failings and the economic interests
of producers who export large amounts of chemicals [19].
Finally, this type of studies can be valuable in evaluating the
quality of protective measures and the possibility of substi-
tuting one or more of the applied compounds. Moreover, it
has been reported that individuals working for at least six
months under low levels of contamination and with appro-
priate protective measures could have an important reduc-
tion in their genotoxic level [41].
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Table 4: Chemicals identiﬁed in the serum of ﬂoriculturists.
Chemical CAS Commercial Chemical Biological
number name group activity
[(benzoylamino)oxy] acetic acid 5251-93-4 Topcide Piretroid Insecticide
2(3H)-benzofuranone 1563-66-2 Carbofuran Carbamate —
Dihydro-5pentyl-2(3H)furanone 104-61-0 Furanone Carbamate —
Phosphorodithioic acid, O,O, S-trimethyl ester 2953-29-9 Residue Organophosphorate —
1,1-biphenyl, 4,4 dichloro 2050-68-2 Residue Organochlorine —
Tetrachlorobiphenyl 32598-13-3 Residue Organochlorine —
Etilen bisditiocarbamate manganese 12427-38-2 Maneb Thiocarbamate Fungicide
Zinc, bis(dimethyl carbamodiate-5,5 )-(beta-4) 12122-67-7 Zineb Dithiocarbamate —
Thiourea, ethyl 625-53-6 Residue Bis-tiocarbamate —
1-benzofuran 42969-85-7 Residue Carbamate —
Carbamic acid, phenyl ester 622-46-8 Residue Carbamate —
2,3,4,5,6-pentachloropyridine 2176-62-7 PCP Chlorinated Herbicide
Acetic acid, 2-ethylhexilester 103-09-3 — Additive —
Xylene 106-42-3 — Solvent —
Cyclohexanone 108-94-1 — Solvent —
Dimethyl phthalate 131-11-3 — Plastiﬁcant —
Dibutyl phthalate 84-74-2 — Plastiﬁcant —
Bis(2-etylhexil) phthalate 117-81-7 — Plastiﬁcant —
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